Introduction: Nasal instillation of saline solution has been used as part of the treatment of patients with upper respiratory tract diseases. Despite its use for a number of years, factors such as the amount of saline solution to be used, degree of salinity, method and frequency of application have yet to be fully explained. Objective: Review the reported outcomes of saline nasal irrigation in adults with allergic rhinitis, acute or chronic sinusitis and after functional endoscopic sinus surgery (FESS), and provide evidence to assist physiotherapists in decision making in clinical practice. Methods: A search was conducted of the Pubmed and Cochrane Library databases between 2007 and 2014. A combination of the following descriptors was used as a search strategy: nasal irrigation, nasal lavage, rhinitis, sinusitis, saline, saline solution. Results: Eight clinical trials were included, analyzed according to participant diagnosis. Conclusion: The evidence found was heterogeneous, but contributed to elucidating uncertainties regarding the use of nasal lavage in the clinical practice of physical therapy, such as the protocols used.
Introduction
The main symptom of upper respiratory tract conditions such as allergic rhinitis and acute and chronic rhinosinusitis is nasal congestion, which in addition to causing discomfort, contributes significantly to absenteeism from work or school (1) . These conditions are frequent sources of morbidity, prompting an increase in healthcare costs and loss of productivity (2, 3) . In the United States, it is estimated that 14% of the population suffers from rhinosinusitis, while statistics on the incidence and prevalence of this disease are not available for Brazil (4) .
Functional endoscopic sinus surgery (FESS) is indicated in cases of chronic sinusitis that are unresponsive to conventional clinical treatment (5) . The postoperative period interferes in the transport of particles towards the pharynx and delays mucociliary clearance (MCC) (6) , favoring the accumulation of secretions in the upper respiratory tract (URT) and compromising the lower airways.
Typical treatments include the use of decongestants, mucolytics, antihistamines, corticosteroids and antibiotics (7) . Saline solution is recommended (8) in conjunction with medication to relieve symptoms, particularly in patients with allergic rhinitis (9 -11) , sinus conditions (12, 13) and after FESS (5, 14, 15) .
According to the literature, the mechanism of action of nasal irrigation remains unknown (16) . Some hypotheses attribute the improvement of symptoms to different physiological effects, including greater displacement of mucus towards the nasopharynx as a direct physical effect (13, 17) through the softening and dislodging of mucus crusts due to nasal lavage, as well as the reduction of inflammatory mediators (13, 17, 18) and increased ciliary beat frequency (17) .
Harvey et al. (19) classified saline solution delivery systems in nasal irrigation into high positive pressure and low negative pressure. The former can be used in high volumes via a syringe, squeeze bottles, pressurized spray and devices that produce a pulsating stream, or low volumes in the form of a simple spray, metered-dose spray and atomizers. Low negative pressure can be generated in high volumes using neti pots and nasal inhalers or in low volumes via catheters, eye droppers, nasal nebulizers and by rapid and strong sniffing of a nasal solution from the palm of the hand with both nostrils (20) .
Mechanical clearance through a saline solution requires the use of high volumes under positive pressure (21) in order to ensure that crusts adhered to the nasal cavity are removed. Saline instillation under high pressure generates the shear force needed to alter gas-liquid interaction, favoring the removal of viscous mucus adhered to the walls of the airways, inflammatory cells, pollutants and bacteria (12, 16, 21) .
Although nasal irrigation has been used for several years, factors such as the amount of saline solution to be used, degree of salinity, method and frequency of application, as well as the parameters to be Participants had to be adults (from 18 years old), in the acute (symptoms lasting up to four weeks) or chronic phase (persistent signs and symptoms for more than twelve weeks) of the disease.
Study selection involved three different stages. The first consisted of reading the titles of all the studies resulting from the search and excluding those that clearly did not meet the previously established inclusion criteria. In the second stage, a critical reading of the abstracts of studies selected in the previous phase was performed to determine whether they met the inclusion criteria, and in the final (third) stage the previously selected articles were read in full.
All the stages were conducted by two independent physiotherapists, one of whom had experience using saline nasal irrigation. In the event of disagreement, a third experienced evaluator was consulted.
The clinical trials included were rated using the PEDro scale, available on the Physiotherapy Evidence Database (22) .
Results
The initial search of MEDLINE using the term nasal irrigation found 2155 studies, 502 of which were excluded for analyzing cadavers, guinea pigs or the instillation of substances other than saline, leaving 1653 articles. Inclusion of the filter adults left 1324 studies. Selection of the study design and publication period reduced the number of studies to 135. Application of the filter diseases resulted in the inclusion of six studies from this database.
On the Cochrane Library database, 174 articles were initially identified, falling to 30 after inclusion of the study population. Including the type of disease produced 10 scientific articles and selecting the study design resulted in the final inclusion of two publications from this database. The search strategies used for each of the databases are shown in Figure 1 .
assessed, have yet to be scientifically elucidated. With respect to the volume instilled into the nasal cavity, there is no consensus on the amount to be used or the best position to be adopted by patients during penetration of the saline solution into the nose and paranasal sinuses (21) .
Given the wide use of saline nasal irrigation in medical and physiotherapy clinical practice, lack of physiotherapy research on the issue in the databases searched, the dearth of studies reporting standardization of the technique and the impact of URT obstruction in terms of compromising the intrathoracic pathways (due to post-nasal drip) and lungs, the present study aimed to review the use of saline nasal irrigation in adults with allergic rhinitis, acute or chronic sinusitis and after functional endoscopic sinus surgery (FESS), and provide a summary of this evidence to assist physiotherapists in applying nasal lavage in clinical practice.
Methods
This is a narrative literature review involving a search of the Medical Literature Analysis and Retrieval System Online (MEDLINE/Pubmed) and Cochrane Library databases from May 2014 to November 2015. Papers included were observational studies, and clinical and randomized trials that investigated the use of saline nasal irrigation as part of the non-pharmacological treatment of patients with allergic rhinitis, sinusitis and following FESS.
With a view to increasing search sensitivity and accuracy, the strategy used was adapted for each database, using the Boolean operator and along with a combination of the following descriptors related to nasal irrigation: nasal irrigation, nasal lavage, rhinitis, sinusitis, saline, and saline solution.
The following inclusion criteria were established: containing the abovementioned terms in the title or abstract; clearly explaining the protocol used for saline nasal irrigation in the methodology and being published in English or Portuguese from 2007 to 2014. A total of eight studies, selected from the two databases and analyzed according to the diseases investigated, were included in this literature review, as follows: rhinitis (20, 23) sinusitis (6, 12) and FESS (5, 14, 15, 24) . The characteristics of the studies are summarized in Table 1 . In short, the protocols analyzed exhibited heterogeneity. Although most of the studies were randomized clinical trials (5, 6, 12, 14, 15, 23) , none obtained the maximum score on the PEDro scale (22) , with scores ranging between five and seven points. None of the studies used a control group and four (5, 12, 14, 20) associated nasal irrigation with medication. 
Rhinitis
Nguyen et al. (20) used Sinus Rinse TM isotonic saline in combination with an intranasal corticoid twice a day for eight weeks, with assessments conducted at baseline and in the 4 th and 8 th weeks, in 40 patients with allergic rhinitis. Nasal irrigation associated with corticoids reduced scores on the Mini Rhinoconjunctivitis Quality of Life Questionnaire (mRQLQ), with scores of 36.7 ± 20.48 (baseline), 14.9 ± 11.03 (4 th week) and 10.10±10.65 (8 th week) (p < 0.001). However, no changes were observed in the assessment of peak nasal inspiratory flow. An intranasal corticoid was used in association with saline irrigation since, like antihistamines, this type of drug is often adopted to alleviate symptoms in those with allergic rhinitis (20) .
Chusakul et al. (23) studied three types of isotonic saline solutions: non-buffered (pH = 6.2-6.4), moderately alkaline buffer (pH = 7.2-7.4) and alkaline buffer (pH = 8.2-8.4). The patients used the three solutions separately and in different orders, with a 5-day interval before using the new solution. A squeeze bottle was used to administer (instillation) 240mL of saline solution twice a day for 10 days, with assessments conducted at baseline and after each solution was used. No significant differences were observed for any of the parameters analyzed (p > 0.05). In relation to the type of saline used, participants showed a preference for the mildly alkaline solution (p = 0.02), while a reduction in symptoms such as sneezing was only observed when a saline solution with moderate alkalinity was applied (p = 0.03).
Sinusitis
In the study by Pynnonen et al. (12) , the authors evaluated the effects of saline nasal irrigation, administered using a squeeze bottle (Sinus Rinse TM , n = 64) and simple nasal spray (Deep Sea TM , n = 63) twice a day, for eight weeks. The Sino-Nasal Outcome Test (20-SNOT-20 questionnaire) (25, 26) In a cross-sectional study, Hauptman et al. (6) used the saccharin transit time (STT) test to assess the effects of saline irrigation on nasal patency and the functional status of MCC in 80 patients with rhinosinusitis. The reference value for STT in healthy adults is ≤ 12 min and > 0. The subjects were divided into two groups according to the type of saline solution used (isotonic n = 40, or hypertonic n = 40), both buffered. The solutions were delivered using a metered-dose nasal spray (aerosol) that released 1mL per jet. Each group was evaluated before and 10 minutes after saline irrigation. At the post-intervention assessment, a second-long reduction was observed for MCC in both groups (isotonic saline 702 ± 21, hypertonic saline 713 ± 23, p < 0.0001). However, instillation with hypertonic saline exhibited a greater decrease in STT.
Before and after functional endoscopic sinus surgery
In a randomized study, Freeman et al. (14) analyzed the effect of saline irrigation on reducing symptoms after FESS via endoscopic assess of the sinuses in 22 adults. Participants performed nasal irrigation three times a day for six weeks. During this period, nasal discharge improved (p = 0.046), with no effect on mucosal edema (p= 0.059) or the presence of polyps (p = 0.32). After 3 months, the authors observed no differences in the formation of crusts, edema, the presence of polyps, adhesions or nasal discharge (p > 0.05). During the study the subjects maintained their normal medication, including oral antibiotics and corticosteroids.
Low et al. (5) studied 63 patients submitted to FESS. The participants were randomly assigned to three groups according to the type of saline solution administered: isotonic saline, Ringer's lactate solution (saline solution formulated with a lower sodium content in relation to blood plasma and isotonic saline, in addition to potassium and calcium) and hypertonic saline (2.7%). The solutions were used in the liquid state and administered with squeeze bottles; however, the authors did not report the volume used in each irrigation. Assessments were conducted in the first, third and sixth weeks after surgery. The SNOT-20 (25, 26) showed a significant decrease in postoperative scores in the first week for the Ringer's group (-14.67 points; 95% CI -22.06 --7.27) when compared to isotonic (-3.15 points; 95% CI -10.21 -3.91) and hypertonic saline (-4.24 points; 95% CI -11.06 -2,61), with p < 0.05. This behavior continued to the sixth week, when all the groups showed improvement, but with Ringer's lactate obtaining superior results. A visual analog scale for nasal symptoms was also applied in association with the SNOT-20. It is important to underscore that analysis of the scale demonstrated similar group behavior to the SNOT-20, with an improvement in the Ringer's group (-6.72 points; 95% CI -12.88 --0.57) in relation to isotonic (2.86 points; 95% CI -3.01 -8.73) and hypertonic saline (-0.81 points; 95% CI -6.51 -4.89) with p < 0.05. No oral antibiotics or corticosteroids were administered during the study; however, intranasal corticosteroids were adopted by the participants between the second and third weeks.
The study by Salib et al. (15) evaluated 25 patients suffering from chronic rhinosinusitis, with and without polyps, submitted to FESS. The authors applied the SNOT-22 questionnaire (27, 28) to assess the efficacy and tolerability of two nasal lavage products available on the market, namely Sterimar™ (high pressure and low volume) and Sinus Rinse™ (low pressure and high volume). The solutions were administered by the patient three times a day, once in each nostril, for 12 weeks after surgery, with postoperative assessments conducted in the second, fourth and 12 weeks. There was a reduction in the SNOT-22 score at the first, second and third assessments, with scores of 28, 14 and 14 respectively (p < 0.001). A total of 24 (2 nd week), 22 (4 th week) and 23 patients (12 th week) reported Sinus Rinse™ as more effective than Sterimar™ (p < 0.0001), although no difference was observed in patient preference for either of the products (p > 0.05).
Grobler et al. (24) used the endoscopic score to analyze the pre-and postoperative (FESS) size of the ostiomeatal complexes in cases of clinically recalcitrant chronic rhinosinusitis. Nasal irrigation was performed using the following isotonic solution: 200mL of water, 5 mL of dye and a sachet of buffered saline. Patients positioned themselves with their body bent toward the sink and their head hanging down as they performed nasal irrigation. The procedure was carried out once a day, with instillation of 150-200mL of solution into the nostrils. Paranasal sinuses that showed the presence of dye had a larger ostiomeatal complex (7.31mm; 95% CI 5.54-9.08) when compared to those in which the dye had not penetrated (1.26mm; 95% CI 0.86-1.66). Statistical analyses demonstrated that the postoperative sinuses were more prone to penetration of the solution than those not submitted to surgery (p = 0.0016). The authors inferred that a critical size of 3.95mm was required to obtain 95% penetration of saline into the ostiomeatal complexes.
Discussion
The present review found evidence of scientific studies on the topical use of dynamic nasal irrigation in adults suffering from rhinitis, sinusitis and after FESS, and that information on the delivery systems used remains nonhomogeneous.
With respect to the types of delivery systems, the studies analyzed indicated a difference in the nasal irrigation devices chosen. Pynnonen et al. (12) found a significant improvement in rhinosinusitis symptoms with the use of a spray. This result is likely due to the difference in the amount of saline solution used and not how pressure was released, since, according to Harvey et al. (19) , large volumes and positive pressure are needed to ensure the mechanical action of saline. It can be inferred that a percentage of the saline particles administered by the spray did not reach the middle meatus, where most of the osteomeatal complex is located. This means the particles could be deposited in the anterior nasal cavum, which seems to have occurred in other studies that use high pressure low volume systems (5, 14, 15) . Salib et al. (15) also studied different saline delivery methods and inferred that the Sinus Rinse TM solution was more effective at removing crusts and preventing the formation of adhesions. Although Sterimar TM uses the same mechanism of action as Sinus Rinse TM , the pressurized saline spray is released in particles, and in this particular study the volume was lower when compared to the amount of liquid released by the squeeze bottle. Due to the inertial impaction phenomenon, it can be inferred that a significant portion of the particles (29) were deposited in the region of the nasal mucosa where flow is turbulent (30) , possibly the anterior nasal cavum (30, 31) , whereas the liquid saline likely reached the nasal conchae, where the middle meatus is located. This result corroborates the concept proposed by Harvey et al. (19) , whereby large volumes of saline under positive pressure are needed for mechanical clearance to occur. According to the authors, liquid saline instillation under high pressure generates the shear force needed to alter gas-liquid interaction, which favors the removal of viscous mucus adhered to the walls of the airways, inflammatory cells, pollutants and bacteria (12, 18) .
With respect to the amount of saline needed to obtain the mechanical clearance attributed to this strategy, between 200 and 250mL seems to be ideal when irrigation is used in adults with rhinosinusitis (19, 32) , supporting treatment already applied by medical professionals and physiotherapists in clinical practice.
In regard to the type of saline used, nasal irrigation with isotonic saline improves the nasal MCC of allergic patients due to changes in the rheological properties of mucous (33) and is better tolerated. Chusakul et al. (23) investigated three types of isotonic saline solutions according to their alkalinity. The authors inferred that the similarity between the pH of the moderately alkaline solution and the physiological pH of cellular cytoplasm makes its use more soothing to the nasal mucosa cells, thus reducing nasal symptoms. It is important to note that, although there was no difference in MCC, nasal patency or resistance, the quality of life of the patients studied improved. The fact that isotonic saline does not provoke any adverse effects (34) may explain this situation. The feeling of nasal discomfort caused by hypertonic saline (5) can generate sequelae such as obstruction, rhinorrhea and increased glandular secretion, affecting nasal patency (6). Boatsman et al. (35) reported that, despite the importance of MCC in maintaining nasal health and function, its association with rhinosinusitis symptoms was not demonstrated in the population studied.
Unlike the abovementioned results, Ural et al. (18) showed that nasal irrigation with isotonic saline improved the nasal MCC of allergic patients. However, Kim et al. (36) studied the effects of irrigation with three different saline concentrations on cell morphology and mucin secretion in human nasal epithelial cell cultures and found that the group submitted to isotonic saline irrigation exhibited a normal epithelium covered in healthy cilia and preserved cellular integrity, thus favoring MCC. This result differed from those observed in groups that underwent hypertonic saline nasal irrigation, which showed damaged to the epithelium, loss of cellular integrity and the production of mucous. Additionally, isotonic saline did not affect mucin production.
Hauptman et al. (6) investigated the impact of nasal irrigation with two types of saline solution (isotonic and hypertonic) in patients with rhinosinusitis and observed a significant improvement in MCC in both groups studied. However, instillation with hypertonic saline exhibited a greater decline in STT. It is interesting to note that despite the low volume of saline instilled (1mL of each solution), MCC improved in both groups. This is because hypertonic saline reduces swelling in the nasal mucosa (37) regardless of the amount instilled, with repercussion on MCC. It can be inferred that isotonic saline increased the minimum cross-sectional area 22 to 54 mm from the nostril (MCA2) and reduced MCC as a result of inertial impaction (29) . In other words, particles were deposited in the nasal cavity, likely in the region of the anterior nasal cavum, thereby moistening the mucosa and improving MCC, with greater displacement of secretions and improved patency in the region due to the larger cross-sectional area. Furthermore, although the difference in viscosity between hypertonic and isotonic saline was small, it may have interfered in particle deposition in the nasal mucosa, given the reduced size of the cross-section of the area studied by Hauptman et al. (6) . Greater viscosity hampers flow, even when the solution is released under positive pressure, as occurred in the present study. It is likely that the number of particles deposited in the nasal cavity was unable to reduce edema to the point of restoring nasal patency, with an increase in the cross-sectional area; however, the magnitude of its effect improved MCC. In fact, there are reports in the literature (38) of a decline in the area of the nasal cross-section of healthy individuals after instillation of hypertonic saline, due to congestion. This may be the result of the discomfort caused, which leads to nasal obstruction, rhinorrhea and increased glandular secretion.
Low et al. (5) also studied the effect of nasal irrigation with different saline solutions in individuals submitted to FESS and found a 50% reduction or even complete remission of nasal crusts at the last assessment of the three groups treated, with no difference between the treatments for the duration of the study. A possible explanation for these findings is that saline applied under positive pressure removed the crusts, in addition to reducing edema and inflammation of the mucosa (39) . Only this study (5) analyzed STT in FESS, obtaining mean baseline STT values higher than the reference values for healthy adults in all three groups assessed (40, 41) . No difference was observed for this variable in the postoperative phase, despite the removal of nasal crusts.
Analysis of the studies using the PEDro scale (22) showed heterogeneous methodological quality, which may make it difficult to choose the best conduct to be applied by professionals in clinical practice. Moreover, the absence of a control group in all the studies allows us to conclude that the positive results obtained were exclusively due to nasal irrigation. It is also important to underscore that the association of medication and saline irrigation (5, 12, 14, 20) makes it impossible to attribute the findings solely to this non-pharmacological treatment.
Conclusion
Few studies were identified that elucidate the positive effects of saline irrigation use in adults with rhinitis, sinusitis and submitted to FESS. The evidence found demonstrates that high pressure instillation of large volumes of saline seems to be the most widely used method, considering its mechanical and physiological effects. The ideal amount of saline needed to obtain these effects seems to be between 200 and 250mL. In regard to the type of solution used, in addition to being better tolerated by patients, isotonic saline nasal irrigation improved nasal MCC in allergic individuals. However, given the relevance of this simple, well-tolerated and minimally invasive technique, further research is needed to better define protocols on the use of nasal irrigation, in order to systematize the process.
